The nuclear factor dachshund (dac) is a regulator of retinal cell fate determination in Drosophila. We have cloned a Dachshund homologue of a lower vertebrate, the teleost medaka (Oryzias latipes). Sequence comparison reveals high similarity of medaka Dachshund (OlDach) to the known homologues in higher vertebrates and Drosophila. OlDach is first expressed at early somitogenesis stages in the otic placode territory and forming somites. Subsequently, expression is detected in the retina, specific regions of the central nervous system, pancreas and the finbuds. q 2002 Elsevier Science Ireland Ltd. All rights reserved.
Results
In Drosophila, dachshund is required for eye and leg development (Mardon et al., 1994) and cooperates with the eyes absent and sine oculis genes (Chen et al., 1997; Pignoni et al., 1997) . The human and mouse Dach homologues are expressed in the developing eye, central nervous system (CNS), somites and limb buds (Caubit et al., 1999; Davis et al., 1999 Davis et al., , 2001 Hammond et al., 1998; Kozmik et al., 1999) . In chick, Dach2 cooperates with eyes absent and sine oculis homologues in muscle development, indicating an evolutionary conserved interaction of these genes .
To analyse the expression of Dachshund in lower vertebrates we have cloned a Dach homologue of medaka fish. A fragment of OlDach was amplified by reverse transcriptasepolymerase chain reaction (RT-PCR) and used to isolate a cDNA clone from a somitogenesis stage library. Sequence analysis revealed an open reading frame with high sequence similarity to the known dachshund homologues. The predicted OlDach protein is 552 amino acids long with a molecular weight of 59.9 kDa (Fig. 1A) . It shares 81% sequence identity with the human and mouse DACH, 50 and 52% with human and mouse DACH2, respectively, 56% with chicken DACH2 and 30% with Drosophila DAC. Two highly conserved domains are present in OLDACH. In the amino-terminal portion, the conserved Dachshund domain 1 (DD1) shares 89% sequence identity with that of human and mouse DACH, 77% with that of human and mouse DACH2 and 84% with chicken DACH2 (Fig. 1B) . The second conserved Dachshund domain (DD2) near the carboxy terminus shares 94% sequence identity with that of human and chicken DACH2, 77 and 79% with that of human and mouse DACH2, respectively, and 82% with that of chicken DACH2 (Fig. 1) . The high over-all sequence similarity to the known dachshund homologues and the presence of both conserved Dachshund domains indicates that the isolated gene is a medaka Dachshund homologue.
The spatial and temporal distribution of OlDach transcripts was analysed by whole mount in situ hybridisation. OlDach expression is first detected at the 6 somite stage in the region of the otic placode ( Fig. 2A) . At the 9 somite stage, transcripts are detected in nasal placodes, the optic cup, the midbrain-hindbrain boundary, the anterior-most forming somites and the tail bud ( Fig. 2B ). At the 30 somite stage, expression is detectable in the dorsal diencephalon, the tectum and the dorsal rhombencephalon ( Fig. 2C ). At this stage, transient expression is also visible in the region of the developing pancreas. At late organogenesis stages (4 days of development) OlDach is also expressed in the spinal cord (Fig. 2J) , the pectoral and tail finbuds (Fig. 2I, J) .
Transversal sections at the level of the optic cup show that OlDach is expressed in the entire neural retina and in the dorsal diencephalon at the 35 somite stage (Fig. 2D) and at late organogenesis stages (4-day-old embryo, Fig. 2E ).
Thus the precursor of all retinal cell types express OlDach at these stages. At late organogenesis stages, expression is also found in the lens epithelium (Fig. 2E ) and in the peripheral regions of the tectum (Fig. 2F ) that correspond to the proliferating zones of the developing tectum (Nguyen et al., 1999) , the dorsal rhombencephalon and the epithelium of the otic vesicle (Fig. 2G ).
In the somites OlDach is expressed in the dorsal portion, corresponding to the dermamyotome at the 35 somite stage (Fig. 2H) . At later stages (4-day-old embryos), OlDach expression is down regulated in the somites (Fig. 2J) . 
Materials and methods

Isolation of a Dach cDNA
Using degenerate primers (up: CCIGTSGTSTGCAA-CGTSGARCARGT; low: GCKCTIGCGTTGTCRATIG-CIACKTT) a 1.03-kb fragment was amplified from early somitogenesis stage total RNA: 3 cycles 948C 1 min, 468C 2 min and 728C 4 min, followed by 3 cycles with annealing at 498C and then 35 cycles with annealing at 538C. The PCR product was cloned into TopoTA (Invitrogen), sequenced and used to screen a 12 somite stage lZAP cDNA library at high stringency. Positive clones were plaque purified, converted to Bluescript SK plasmids and sequenced (EMBL database accession number: AJ308401). The full length 5 0 portion was cloned by Race-PCR using a late organogenesis stage SMART (Clontech) cDNA library. The OlDach specific primers were: primer 1 GGAGCTG-GCGTTGGTGCAGTCGTTGTA and primer 2 TTCTGGA-GATGAGTTTGCAGCGGTTCA. The PCR conditions using primer 1 were 5 cycles 948C 45 sec and 688C 3 min followed by 25 cycles 948C 45 sec, 628C 45 sec and 728C 3 min. The same conditions were then used with primer 2 for the nested PCR. The PCR product was cloned into TopoTA and sequenced.
In situ hybridisation and vibratome sections
Whole mount in situ hybridisations using antisense riboprobes and vibratome sections were performed as described (Loosli et al., 1998) .
